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Abstract 

The formula for dielectric function of non-degenerate and maxwellian collisional 
plasmas is transformed to the form, convenient for research. Graphic comparison of 
longitudinal dielectric functions of quantum and classical non-degenerate collisional 
plasmas is made. 
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Introduction 

In the known work of Mermin [1] by means of the analysis of nonequilib- 
rium density matrix in r-approximation has been obtained expression for 
longitudinal dielectric permeability of quantum collisional plasmas for case 
of constant collision frequency of plasmas particles. 

Earlier in the work of Klimontovich and Silin [2] and after that in the work 
of Lindhard [5] has been obtained expression for longitudinal and transverse 
dielectric permeability of quantum collisionless plasmas. 

In work [lj actually without deducing it has been announced the general 
expression of dielectric function of quantum collisional plasmas with constant 
frequency of collisions. 

In work [3] the general expression for dielectric function of quantum collisio- 
nal plasmas with the variable frequency of collisions depending on the wave 
vector has been deduced. 
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Then in work [5] the detailed deducing dielectric functions for quantum 
plasma with constant frequency of collisions has been given. 

In the present work the case of non-degenerate and maxwellian quantum 
plasma with any degree of degeneration ( a case of the any temperature) is 
considered. 

The general formula for dielectric functions from p] , [4] and [5] it becomes 
simpler and transformed to the convenient form for calculations and contains 
one quadrature. 

Deducing of dielectric function of classical non-degenerate collisional plas- 
mas is presented. It is given graphic comparison of the real and imaginary 
parts of dielectric function of quantum and classical plasma. 

As classical non-degenerate collisional plasma we will be understand the 
plasma described by the kinetic Vlasov— Boltzmann equation with integral 
of collisions from phase space. 

As quantum non-degenerate collisional plasma we will be understand 
the plasma described by the kinetic Schrodinger— Boltzmann equation with 
integral of collisions from momentum space. 

Quantum plasma is studied extremely intensively. Among the big number 
of works we will note only some of them [5]-[2"U]. 

1. Dielectric permeability of quantum non-degenerate plasmas 

We take the formula for longitudinal dielectric function of quantum non- 
degenerate collisional plasmas 

47re 2 (uj + iv)B{k,u + w/)fl(k,0) 

ei ^ v) = 1 + l^^WMT^O^^T- (L1) 

In the formula (1.1) following designations are accepted 

B{k,u + iis)= / — g- f ' 1.2 

J 4tT 6 tp_ k/2 - C p+k /2 + fl(u + IV) 



S(k,0)= / 
k is the dimensional wave vector, 



dp /p+k/2 — /p-k/2 



4tt 3 £ 



p-k/2 — ^p+k/2 



_ n 2 ( k\2 

p±k/2 " 2^l P± 2 J ' /p±k/ ^ 



/£p±k/2 \ 

1+exp (^- a ) 



k B T 
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a = fi/(k]gT) is the normalized (dimensionless) chemical potential, ks is 
the Boltzmann constant, T is the temrerature, / p ±k/2 is the Fermi— Dirac 
distribution function, e is the electron charge, v is the effective collision 
frequency of electrons with plasma particles, uj is the frequency of oscillations 
of an electromagnetic field. 

Let's transform the formula (1.1) to the form convenient for research. We 
will enter thermal velocity of electrons vt = 1/V(3, P = m/(2kBT). Clearly, 

o 

that ksT = ^ T = £, T is thermal electrons energy 

p Pt UIVt 

We introduce the nondimensional vector P = — , where kr = — = - 

kr h h 

is the themal wave number, p^ is the thermal momentum of electrons. 

Let's find difference of energies 

£p-k/2 - £ P +k/2 = -28, T P x q, q = gf(l,0,0), q = — , 

q is the nondimensional wave number. 

The denominator from expression (1.2) is equal 

H2kl -) = -2Z T q(P x - 

q) q 

Here dimensionless frequencies are entered 



£p-k/2 - £p+k/2 + M W + iu ) = ^~ q \ Px ~ ~) = ~ 2 ^Tq{Px 



UJ + IV UJ V 

z = x + ly = — , x = , y = 



krvr ' krVT krvr 

Now the integral (1.2) is equal 

V ' 2£. T qJ 4tt 3 P x -z/q V ' 

Here 

/p±q/2 = 7~( m2 7 = /P±q/2- 

1 + exp (P±^l -a 



2 

Let's designate 

d 3 P fp+q/2 - /p-q/2 



Then expression (1.3) will be rewritten in the form 

B(k,uj + iv) = - 7 ^-B(q,z). 
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Let's consider integral (1.4). We will present this integral in the form of 
difference of integrals. In each of integrals it is realizable the obvious linear 
replacement of variables. As result we receive 



R(n \- [d 3 P fo(P, a) [d*P f (P, a) 

J 4^P x -z/q-q/2 J 4^ P x - z/q + q/2 ' 1 ° J 

where 



According to (1.5) we receive 



B(k,cu + iv) = -^-b(q,z), (1.6) 
Zct 



where 

d'p / (p, a ; 



b(q,z) = J 



4tt3 {P x -z/qf-{q/2f 

Now expression (1.1) for dielectric function will be transformed to the 
form 

( \ = -\- 4ne2 k T {x-\-iy)b{q,z)b{q,0) 
s * x ' y ' q) q*h 2 T 2£ T xb(q, 0) + iyb(q, z) ' [ } 

It is easy to find, that numerical density of particles of plasma (its concentration) 
in an equilibrium condition is equal 

N = J MP ' a) l2^W = J M ' 0) = ^ Ma) ' { } 

where 

oo 

/ 2 («) = y MP,a)P 2 dP 
o 

Let's calculate internal integral on dP y dP z in expression for b(q,z). We 
have 



oo oo 




dPydP z . —P 2 \ 

= 7rm(l + e ) . 



1 + exp(p2 + F y 2 + P z 2 - «) 

-oo — oo 



Hence, the integral b(q, z) is expressed through the one-dimensional integral 

b(q,z) = -^l(q,z), (1.9) 
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where 

oo 

ln(l + e a -^ )dfi 



l(q,z) = 



(fi-z/ q y-( q /2y 



Longitudinal dielectric function (1.7) according to (1.8) and (1.9) we 
rewrite in the form 

^' * ?) " 1 4tff 2 («) xl( q ,0) + iyl( q ,z) ■ (L10) 
In (1.10) 00 p IS the nondimensional plasma frequency, 

_ u p 

Xrt — 



p krvr ' 

cop is the dimensional plasma (Langmuir) frequency, 

47ie 2 N 

u p = . 

m 

2. Dielectric permeability of classical non-degenerate plasmas 

We take the kinetic Vlasov— Boltzmann equation for collisional Fermi— 
Dirac plasmas with arbitrary temperature 

g + vg + eEM)| = ,[/.-/]• (2.D 

Here f eq is the local equilibrium distribution electrons function of Fermi— 
Dirac (local Fermian) 

fea = 7^-2 77FZX~i ( 2 - 2 ) 



/ mv AH r A 



is the Boltzmann constant, T is the plasma temperature, v is the electron 
collisional frequency with plasma particles, p = mv is the electron momentum, 
e is the electron charge, fi(r) is the plasma chemical potential. We present 
the chemical potential in linear approximation as 

fi(r) = ^ + Sji(r), ji = const . 

We introduce the nondimensional parameters 

^ v p i 

t\ = vt, P = — = — , V T 



' 1 rs -1 
vt Pt VP 



ri = 1-, h = v t t, t = -, a (r) = — — . 
It v kb-L 

Let's rewrite equation (2.1) in the following form 
Here 

/ eg (P,a(ri)) = — —2 -— -, a(ri)=a + £a. 

1 + exp(P^ — a(ri)) 

We find the distribution function in the form 

f = f (P,a)+g(P,a)h(r h P,t 1 ), 

where 



1 e 
/o(P, a) = — — ^— , g(P, a) = 



P 2 -a 



l + e p2 -«' ^ v ' 1 (l + e p2 -«) 2 ' 

Let's linearize the equilibrium function f eq : 

feq = fo(P, a) + g(P, a)6a. 
In linear approximation we have 

E^ = E^ = -B(p 1 ,t 1 )fl(P,a)-. 
dp dP p T Pt 

Let's sustitute (2.3) into (2.2) and then we obtain 

dh ^dh 7/ „ . 2erP T _ . r 

«r + Pt— + Mn, P > *0 = E(n, *i) + 6a. 

ut\ uY\ Pt 

Let's consider the law of preservation of number of particles 

2m 3 d 3 v 



J(f- f eq )dn = o, dn = 



From this law we obtain that 

J g{P,a)h{T U V,ti)(PP 

g{P, a)d 3 P 27r/o(a) 

Here 

oo 

fo(a) = J fo(P,a)dP 



6a = — — r ^ T; = / „.\ I 9(P, a)h(r h P, ti)d 
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This equality becomes simpler 



oo 



-oo 



Let's consider further that 

Mri,P,*i) = Kx u P x M), ECn,*!) = 6^-^(1,0,0). 

We notice that — cji^i = kx — ut, because £4 = X\ = x/It, W\ = lot, 
t\ = vt = t/r. 

Thus, for function h the following kinetic equation is received 

dh ^ dh , . „ . 

+ ^7T- + /i(xi,P x ^l) = 



dt\ dx\ 



2er 



00 



F^^i,^) + J K(fj! ',a)h(xi,fj! \ti)dfj! '. 



Pt 

—00 

Here 

/oO',a) 



2/0(0;) 

For function h we will search in the form h(x\, fi,ti) = i/j(fi)e klXl ~ Wltl . 
From equation (2.4) we find that 

W) = i : —1 > ^ = ^- (2-6) 

Substituting (2.6) in (2.5), we receive: 

g-ifasx-witi)^ = e/r gi(feb^i) 

£Tl-5 (fci,£Ji)' 



Here 



00 



V>fo(fJ>, a)dli 

— iuJi + z/ci>Li 

1 / fo(fi,a)dfj, 



-00 
00 



2/o(o) / 1 — zcji + ikiji 



—00 
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It means that according to (2.6) the function ip is constructed 

e/ r £?!/(! -£? ) + ^ 
W) = 7 — i : —j , V = Px- (2.7) 



j = ^c 4 ^-"*) = e 



From definition of density of a current follows, that 

vfdU = e J v x e l ^ r - ujt) g{P,a)^)dn. 

From here for electrical conductivity we receive 

ai = e J ' v x g{P,a)if)(fj,)dQ. 

Let's substitute (2.7) in this equality and we will receive expression for 
longitudinal conductivity 



oo 

,2 



CT 2/2 (a) 7 l-ZWi+ZKi/Z 

1 



-oo 



2/ 2 (a) 



oo oo 

/ ld 2 fo(/d,a)did Bi f /jfo(/i,a)d[i 



1 — iui + z/ci// 1 — Bq J 1 — zcji + %k\\i 



or 



-oo — oo 



£>2 + Z 



We notice that 



I -Be 



(2.8) 



1 1 %U)T 1-iuJT 

t>\ — — rfo, £>2 — r, ±>i- 

z/ci z/ci z/ci 

According to (2.8) 

°} _ M a ) (u/kv T )B 1 _ xy fo(a) 1 + (z/q)b(z/q) 

a f 2 (a) 1 - So V / 2 (a) ' 1 + (iy/q)b(z/q) ' 1 ' J 

Here 

00 

1 / Mv, a )dv 



b(z/q) = 



2/0(0;) 7 v-z/q 



-00 



On the basis of (2.9) we receive expression for the longitudinal dielectric 
function of classical non-degenerate plasmas 

r _-, ■ x p /o(<*) 1 + (z/q)b(z/q) 

1 + q 2 M<*)'i + (iy/q)Kz/ q y [ • ; 
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3. Maxwell quantum and classical plasmas 

Passing to the limit at a — > — oo in the formula (1.10), we receive expression 
for longitudinal dielectric function of quantum Maxwell collisional plasmas 

arZ (g, 0) + iylo{q, z) 
In formula (3.1) the designation is accepted 

oo 2 

1 f e~ M efyi 



l (q,z) = 



vW (v-z/ q y-(q/2y 

— oo 



Passing to the limit at a — > — oo in the formula (2.10), we receive expression 
for longitudinal dielectric function of classical Maxwell collisional plasmas 

/ \ , 2x p l + (z/q)t(z/q) , 
£i(q, x,y) = l + T -— - 3.2 

q 1 i + {iy/q)t{z/q) 

In formula (3.2) the designation is accepted 

°° _ 2 

... 1 f e M dii 
t(z q) = -= / p. 

— oo 

4. Comparison of quantum and classical plasma 

Curves 1 and 2 on figs. 1-8 correspond to quantum and classical plasmas. 
Dimensionless chemical potential on figs. 1-8 equals to zero: a = 0. Dimensionless 
plasma frequency equals to unit: x p = 1. 




Fig. 4. Imaginary parts of dielectric function, x p = l,x = 1, y = 0.01. 




Fig. 6. Imaginary parts of dielectric function, x p = 1, q = 0.5, y = 0.001. 




Fig. 8. Imaginary parts of dielectric function, x p = 1, q = 1, y = 0.001. 
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5. Conclusion 

The formula for dielectric function of non-degenerate and maxwellian 
collisional plasmas is transformed to the form, convenient for research. Graphic 
comparison of longitudinal dielectric functions of quantum and classical non- 
degenerate collisional plasmas is made. 
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